The lattice Boltzmann (LB) method has been developed into an alternative and robust numerical tool for computational fluid dynamics, heat transfer and beyond since its introduction in 1980s. Instead of discretising the partial differential equation, the LB method is an approach based on particle kinetics. It has achieved considerable success in the past years and has been proven to be an efficient computational method for complex flows and fluid-structure interactions, important research topics for mechanical engineering science, due to the local nature of its operations, simplicity of formulation and implementation and high level of scalability on parallel processing systems.
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This special issue publishes 10 papers dedicated to the improvements and applications of the LB method, with particular effort on enhancing numerical stability as well as improving the understanding of flow physics. The contributions of the papers can be summarised as follows.
Advanced LB models
There are two papers on the LB model development. The paper of Zhang et al. introduces a regularised lattice Bhatnagar-Gross-Krook model for flow and heat transfer in porous media at the representative-element-volume scale by incorporating an additional regularisation process. The numerical results show that the proposed method provides predictions agreeing well with the previously reported results but with better numerical stability. In order to improve the wetting boundary scheme in an LB colour-gradient model, Yu et al. have developed a zero-interfacial-force condition. Their validation cases, which include a droplet resting on a flat surface and a cylindrical surface, and the dynamic capillary filling in a tube, show that both spurious velocities and the non-physical mass transfer are significantly reduced. Their model is also utilised to improve our understanding of the immiscible two-phase displacement in a two-dimensional channel.
Multiphase flows
There are four papers on multiphase flows. Wang and Sun present a numerical study on the coalescence between a free droplet and a sessile droplet on a wetting substrate using an axisymmetric LB method which incorporates the contact angle hysteresis prescribed by an advancing angle and a receding angle. The effects of Ohnesorge number, the contact angle and its hysteresis and the radius of the free droplet on the coalescence dynamics are discussed, and a few new findings are presented. The dynamics of a cavitation bubble collapsing near a solid wall is studied by Shan et al. with an improved three-dimensional multi-relaxation-time pseudopotential LB model. Numerical simulations show that the collapsing dynamics of the bubble predicted by the current method agrees well with that observed in the experiment. Flow field analysis shows that a high-pressure region observed in front of the bubble is a crucial driving force inducing the bubble collapse. Chen et al. numerically study the effects of initial conditions on the coalescence of two equal-sized air micro-bubbles in water. Two series of simulations are conducted by changing initial separation and initial neck bridge radius, respectively. It is found that although the neck bridge evolution for both series exhibits a half powerlaw scaling after a transient stage, the transient time is shorter for smaller initial separation distance or smaller initial neck bridge radius due to the formation of an elongated neck bridge (for varying initial separation) and the significant bias between the capillary forces caused by the meniscus curvature and by the neck bridge curvature (for varying initial neck bridge radius). The dynamics of immiscible gas-liquid flows with an initial stochastical distribution driven by a constant body force in a period microchannel is studied by Lou et al. under a variety of conditions. Continuous dynamic behaviours of bubbles and droplets including breakup, coalescence, deformation and mass exchange between both phases are discussed. It is found that the steady-state flow regimes depend strongly on the viscous force, surface tension, inertial force, channel width and wettability of the solid surface.
Non-equilibrium flow
The paper of Gan et al. presents a series of discrete Boltzmann models for compressible flows with and without non-equilibrium effects, where the discrete equilibrium distribution function is constructed by inversely solving the kinetic moment relations which must be consistent with the non-equilibrium statistical mechanics. The models are validated by several wellknown benchmarks. It is found that the numerical results agree well with the Riemann solutions for the local Mach number, temperature ratio and pressure ratio up to 10 2 , 10 4 and 10 5 , respectively, demonstrating that it is convenient to simulate non-equilibrium flows without knowing the exact form of the hydrodynamic equations by using the proposed models.
Micro-scale modelling
The paper of Wu et al. presents a numerical study on micro-scale effects on gas flows in channels by considering micro-scale effects and adsorption. It is found that the Knudsen number which measures the microscale effects has significant effect on gas flows in the micro-scale channels. The compressibility leads to a non-linear pressure distribution along the centreline of the flow channel. A larger Knudsen number enhances the mass flow via increasing velocity slip and surface diffusion.
Biological fluid-structure interaction
The paper of Tan et al. presents a parametric study on the dynamics of a cancer cell squeezing through micropores with different sizes and pressure drops. The cell deformability characterised by the membrane compressibility modulus and nucleus effect are considered. It is found that the cell translocation time through the micropore increases with cell membrane compressibility modulus and nucleus stiffness. It also suggests that special care should be taken when the Laplace-Young equation is used in microfluidic designs due to the non-uniform stress distribution and membrane bending resistance.
Magnetohydrodynamics and heat transfer
A thermal LB method study on magnetohydrodynamics, buoyancy-driven convection in a partially differentially heated cavity subjected to a magnetic field along the vertical direction is presented by Gangawane et al. The simulations are conducted for three cooler lengths placed along the middle of one vertical wall for a wide range of Rayleigh and Hartmann numbers at a fixed Prandtl number with a partial heater at the centre of other vertical walls. It is found that the average Nusselt number is proportional to the cooler length and the Rayleigh number while it varies inversely with the Hartmann number.
